The increasing use of implantable electronic devices such as cardiac pacemakers and neurostimulators means that they are being increasingly encountered in endoscopy departments. The electromagnetic fi elds generated during electrosurgery and with magnetic imaging systems have the potential to interfere with such devices. The authors present a case that highlights some of the steps necessary for minimising risk, review the evidence and summarise the currently available guidance.
in 1998 to 36 297 in 2007 and implantable cardioverter defibrillators (ICDs) from 936 to 3762. 1 Other devices which may be encountered include neurological stimulator devices and implanted infusion pumps.
Why is there a risk?
Implantable electronic devices may be susceptible to electromagnetic interference, the effect of an electromagnetic field (EMF) from another source on the device. 2 During endoscopy, this can either occur when the source comes into direct contact with the patient (conducted; eg, diathermy) or when the body is placed within the field (radiated; eg, with endoscope imaging devices).
The current produced by diathermy inevitably results in an EMF which may lead to implantable electronic device interference. Endoscopic electrosurgical techniques include monopolar and bipolar diathermy currents and argon plasma coagulation.
An EMF can theoretically cause harm by directly affecting the device itself through inhibition or triggering, returning the device to manufacturer presets, causing direct damage to the device or loss of battery power or via the leads at the target site through local heating or uncontrolled stimulation. 3 The risk of these adverse effects is related to power setting, waveform and frequency (higher risk with cutting than coagulation current), distance from device (return electrode should be placed as far as possible from the implantable device) and type of electrocautery (higher risk with monopolar electrocautery due to production of a larger EMF). 4 5 There is a paucity of evidence of harm for those undergoing endoscopic procedures, the majority coming from diathermy at open surgery. Although open induction of currents and lead heating which may not be prevented by inactivating the device. A small number of case reports of adverse events secondary to diathermy and MRI have been reported in patients with neurostimulators; examples include reversible focal neurological deficit, seizures and permanent severe central nervous system damage due to lead heating. [8] [9] [10] [11] [12] For MRI, the biggest risk is of component heating with resultant tissue destruction; in the worse case, this can result in coma, paralysis or death. Manufacturers typically recommend avoiding monopolar diathermy and give strong cautions against MRI except for specific coils and settings. 13 
Implantable Cardiac Devices
Implantable cardiac devices include pacemakers or ICDs. These are generally implanted into the anterior left prepectoral region. The device is then linked to the heart with pacing leads that pace and sense.
Cardiac pacemakers may be programmed using multiple variables but generally fall into either 'asynchronous' or 'synchronous' modes. The former provides pacing without sensing cardiac activity, whereas the latter senses atrial and/or ventricular activity to determine pacing requirement. Some patients reliant on pacing to maintain cardiac output are referred to as being 'pacemaker dependent'. 14 ICDs are used in patients at high risk of developing life-threatening ventricular arrhythmias. These devices can also provide bradycardia pacing and cardiac resynchronisation therapy. Sensing of ventricular rate is the key and this function is usually performed via an electrode, implanted within the right ventricle. The device can deliver therapy according to three strategies: antitachycardia pacing for ventricular tachycardia (VT), countershocks for ventricular fibrillation (VF), or VT and antibradycardia pacing if necessary following cardioversion or for symptomatic bradycardia/asystole.
The sensing threshold of pacemakers is usually programmed at 2 mV, well above those of the EMFs produced during diathermy. 15 In contrast, the sensing threshold of ICDs is set lower, at around 0.3 mV in surgical procedures may be longer and the power setting slightly higher, any electromagnetic interference could cause malfunction in an implantable device and this is relevant to endoscopic electrosurgery.
The manufacturer of ScopeGuide advises against its use in patients with implantable pacemakers. This device produces a low-level magnetic field that could potentially affect the magnetic switch of a pacemaker, possibly resulting in asynchronous pacing or placing the device into a temporary diagnostics mode.
Video capsule endoscopy also produces an EMF. This is the result of the capsule transmitting the images it takes to the recording device. The manufacturers of video capsule systems specifically contraindicate their use with implantable devices. However, a study of 100 patients with pacemakers and a simulator that reproduced the EMF from a video capsule demonstrated no clinically significant effects, although four of the patients' pacemakers did detect interference and resulted in the devices entering asynchronous mode. 6 
Specifi c Devices and Safety Issues Neurostimulators
Implantable neurostimulators deliver electrical stimulation to target nerve tissue to obtain a therapeutic effect. These devices generally consist of an electrical source, extension wires and one or more leads providing stimulation. Most are controllable remotely via external control modules allowing settings to be altered. Target areas for therapy include brain, spinal cord, neural plexi, stomach and bladder.
Deep brain stimulators were developed to treat Parkinson's disease and other movement disorders by stimulation of the appropriate subthalamic nuclei. 7 Placement of the device involves stereotactic positioning of the brain electrodes, followed by subcutaneous tunnelling of the lead posterior to the ear. Extension wires are then tunnelled to the anterior chest wall where the pulse generator itself is most frequently inserted.
There are few safety data regarding the impact of electrosurgery on neurostimulator devices. In addition to resetting of parameters, potential risks include group.bmj.com on September 5, 2017 -Published by http://fg.bmj.com/ Downloaded from (usually refilled using a skin port). The infusion may be intravascular, intrathecal or epidural.
There are no case reports of complications associated with electrosurgery and infusion pumps in the literature; however, there is a theoretical risk of battery depletion and device discharge, and one manufacturer has issued specific safety guidance. 23 However, the United States Food and Drug Administration have over 150 reports of device malfunction in association with electromagnetic interference. These are almost all related to MRI scanning and the commonest fault was pump failure. 24 
Published Safety Guidelines
In the UK, there are currently no specific guidelines pertaining to endoscopy in patients with implantable electronic devices; however, the Medicines and Health Regulatory Authority published guidance for perioperative care of patients with implantable cardiac devices 25 (summarised in table 1). In emergency situations, it may be necessary to proceed without standard checks. Securing a clinical magnet over an ICD may prevent inappropriate shock delivery although the response of these devices and pacemakers will depend on how the device has been programmed. If this method is used, external defibrillation will be required for VT or VF and the device must be checked postprocedurally.
The American Society of Gastrointestinal Endoscopists has also provided detailed guidance order to detect the low-amplitude signals of VF. The data regarding the specific safety of endoscopic diathermy in patients with cardiac pacemakers are anecdotal. Two series have reported no evidence of harm without precautions. 16 17 Pacing inhibition and triggering, mode switching, incorrect detection of tachyarrhythmia, device reset, myocardial burns, VF and death have been reported in patients undergoing surgical procedures with diathermy. [18] [19] [20] In patients who are 'pacemaker dependent' with sensing pacemakers, endoscopists should be aware of the theoretical risk that delivery of diathermy could be interpreted as cardiac activity and result in pacing inhibition, leading to bradycardia or even asystole.
ICDs could theoretically discharge during diathermy as the waveform may be 'sensed' as a ventricular arrhythmia. However, there is little evidence of this in the literature. One series of 48 patients with ICDs in whom electrocautery was used found no device related complications. 21 Another paper published a survey of 166 cutaneous surgeons who reported four episodes of ICD discharge in association with electrosurgery.
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Infusion Pumps
Implantable infusion pumps are used for patients requiring continuous parenteral drug administration (eg, baclofen, insulin, opioids and local anaesthetics). These provide a constant rate of infusion (which may be programmable) and are also able to store the agent 
Preoperative Intraoperative
Identify patients through preadmission screening CPR facilities and specialist cardiac staff should be available Contact the patient's pacemaker/ICD clinic to confi rm the cardiac condition and confi rm device details
The patient should be monitored using ECG plus a second method of confi rming heart rate (such as pulse oximetry or arterial line) Liaise with device follow-up clinic to advise on required support by cardiac pacing/ICD physiologist before, during or after surgery If pacing inhibition occurs the surgeon should be informed immediately An appointment is made to ensure device functionality after surgery Minimise monopolar diathermy to short bursts Ensure the return electrode is positioned so that the current pathway is as far from the device as possible ICDs should be deactivated and the patient fi tted with external defi brillator pads if access to the anterior chest would interfere with surgery ICD, implantable cardioverter defi brillators; CPR, Cardiopulmonary resuscitation. group.bmj.com on September 5, 2017 -Published by http://fg.bmj.com/ Downloaded from for managing patients with implantable devices who are having endoscopic procedures. 26 The guidance acknowledges that there are limited data demonstrating complications during endoscopic procedures; however, the potential life-threatening nature of the risk justifies the use of various strategies to minimise this risk.
There are no published guidelines regarding patients with implantable devices undergoing video capsule endoscopy. The absolute contraindication recommended by the manufacturers is not backed by evidence as described above. Until nationally accepted guidelines are published, pragmatic recommendations are described in table 2.
Conclusions
Endoscopists should be aware of the potential risks associated with the use of diathermy, endoscope magnetic imaging devices and video capsule endoscopes in patients with implantable electronic devices, particularly in view of the increasing array of devices and frequency with which they are encountered. These risks can be minimised by preprocedural preparation, liaison with the appropriate specialists, optimal selection of diathermy current and return electrode positioning.
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